Introduction
Proso millet (Panicum miliaceum L.), a comparatively short-season crop, requires little water and is able to grow at a wide range of altitudes. This cereal has considered in food production because of its advantages including high yield, affluence and low cost. [1] . In addition, proso millet has higher (13.4%) protein content than many common cereals such as wheat (10.5%) and rice (6.8-7 .4%) [2] [3] [4] . It contains considerable quantity of essential amino acids especially the Sulphur containing amino acids (methionine and cysteine). On the other hand, millets because of their agricultural advantages, health benefits and nutritive values have been received specific alterations as a good food source from developing countries. Health benefits such as, decreasing tumor incidence, reducing blood pressure, cholesterol absorption, preventing cardiovascular diseases and cancer, also nutritive values including provide a variety of nutrients and antioxidants needed for human health, have been reported for millets [5, 6] .
They are a gluten free cereal and thus is appropriate for people with wheat/gluten allergies [7] .
Proteins play different roles in food matrix that named functional properties. According to Kinsella (1976) , the functional properties are "those physical and chemical properties that influence the behavior of proteins in food systems during processing, storage, cooking and consumption" and which are affected by multiple factors such as pH, drying, heating, ionic strength, storage conditions, presence of reducing agents, and physical, chemical or enzymatic modifications [8] .
Among the different physical methods for proteins modifications, ultrasound, which is defined as sound waves having frequency that exceeds the hearing limit of the human ear (~20 kHz), has simple, cost-effective, energy saving and environment friendly advantages [9, 10] .
Generally, ultrasound power is affected by pressure, temperature, intensity, energy and velocity, that based on frequency range it can be divided into high and low energy ultrasound. Frequency between 20-100 kHz with high intensity (10-1000 W/cm 2 ) used in high energy ultrasound which caused alterations in mechanical, physical, or chemical/biochemical attributes of proteins because of creation of high pressure (1000 atm) and temperature (5000 K) during cavitation phenomenon. In contrast, frequency between 5-10 MHz with low intensity (1 W/cm 2 ) has nondestructive effects and is used to ensure high quality and safety of foods applications [10] [11] [12] .
Generation of high power ultrasound could be done with sonication bath and/or transportable cheap ultrasonic immersion probes due to various goals in food manufacturing [13] .
In recent years, many researchers have investigated the impact of ultrasound on functional properties of vegetable and animal protein sources specially soy proteins. In this case, the researchers showed strong effect of ultrasound treatment on foaming, solubility, emulsifying and other functional properties of these proteins [11, [14] [15] [16] [17] [18] [19] .
Several studies showed that emulsifying performance of egg white protein (20 kHz, 4.27 W, for 20 min) and dairy proteins (20 kHz, 34 W/cm 2 , for 2 min) improved after high power ultrasound treatment [17, 20] . In a study conducted on animal and vegetable proteins, it was found out that solubility of pea protein concentrate and emulsifying performance of bovine They did not find significant change in the protein electrophoretic patterns. The surface hydrophobicity and protein solubility of SPI were increased with increase in both of time and power of ultrasonic treatment [18] that could lead to increase in emulsifying and foaming activity.
Due to the burgeoning world population and on the other hand enhancing cost and confined supply of animal proteins, new sources of plant proteins for use in food applications, will need to be developed [8] . The main novelty of this work is choosing millet protein concentrate as low cost and nutritious protein source. It can be show different behavior from other proteins mentioned in literature in different intensity and time. Therefore, the purpose of the present study was to examine the impact of high power ultrasound (20 kHz) on improvement of emulsifying, foaming and solubility of millet protein concentrates to determine the possibility of using these proteins in different food applications such as emulsifier and egg replacer. In addition, FTIR, DSC, Zeta potential and SDS-Page methods was used to evaluate the relationship between physicochemical and structural properties of native and modified protein. 
Materials and methods

Acoustic energy determination
Actual ultrasound energy determination is necessary to ascertain the influence of ultrasound intensity in a treatment and also to be able to compare different treatments [11] , since the ultrasound energy is partly lost in the form of heat when ultrasound passes though the medium [23] . The dissipated acoustic power applied to the solution was calculated with calorimetric procedure according to Margulis et al. [24] . This method involves determining the temperature increase during the first 30 s of the experiment. Acoustic power (P) was then calculated using the equation:
Where Pa (W) is the acoustic power, M is the mass of ultrasound treated solution (g), Cp
is the specific heat of the medium (kJ/gK) and dT/dt is the rate of temperature change with respect to time. Then, the acoustic power intensity, Ia (W/cm 2 ), was calculated as follows:
Where Ia (W/cm 2 ) is acoustic power intensity, Pa (W) is the acoustic power, SA is the surface area of the ultrasound emitting surface (cm 2 ). 
Solubility
For this test, 1 g of the protein concentrate powder was dispersed in 100 ml of distilled water (1% w/ w) and adjusted to pH 7 with either 1 N NaOH or 1 N HCl. The suspension was centrifuged at 20,000g for 15 min in 23 0 C and absorbance was measured at 280 nm for a sample aliquot diluted 1:10 (vol/ vol) with dissociating buffer (50 mM EDTA, 8 M urea at pH 10). The same procedure was performed for suspensions treated with ultrasound [25] .
Solubility (%) = (absorbance of the supernatant /absorbance of the dispersion before centrifugation) × 100
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Foam capacity and foam stability of the millet protein concentrates at pH 7 were determined according to the slightly modified method of Mirmoghtadaie et al. [26] . It was observed that 33.3 ml of protein concentrate dispersion (3%, w/v in distilled water) were adjusted to pH 7 and mixed using a magnetic stirrer for 45 min, followed by mixing in a rotorstator homogenizer (IKA T25-Digital Ultra Turrax, Staufen, Germany) for precisely 6 min at speed 4. Afterwards, the mixture was transferred immediately into a 750-ml measuring cylinder and the foam volume was recorded. For measurement of foam stability, the total volumes of foam were read at 0, 10, 30, 60, and 120 min after mixing.
Emulsion Activity Index (EAI) and Emulsion Stability (ES)
The emulsion activity index (EAI) and emulsion stability (ES) were measured using the slightly modified method described by Neto et al. [27] . Ten-milliliter portions of protein solution (1% w/w) were homogenized with 10 ml vegetable oil at speed 5 of a rotor-stator homogenizer (IKA T25-Digital Ultra Turrax, Staufen, Germany) for 2.5 min at room temperature. The emulsions were centrifuged at 1000 g for 5 min. The height of the emulsified layer and that of the total contents in the tube were measured. The emulsifying activity index (EAI) was calculated as:
EAI (%) = (height of emulsified layer in the tube /height of the total content in the tube) × 100
Emulsion stability was determined by heating the emulsions at 80 0 C for 30 min before centrifuging at 1000 g for 5 min. glycerin, 2% SDS, and 0.1% bromophenol blue) heated for 10 min at 90 °C to denature all the proteins. Then, the samples were cooled as soon as possible in refrigerator (4 °C) and its aliquots (5 microliter) loaded into the wells containing tris-acrylamide gel. Gel electrophoresis was initially run at 80 V and when the samples were within the separation gradient gel, voltage was increased to 120 V. then the gels were stained using coomassie blue R-250, and de-stained overnight.
ES (%) = (height of emulsified layer after heating /height of the total content in the tube
Zeta potential (ζ)
The zeta potential of native or ultrasonicated millet protein concentrate was measured using a Zetasizer Nano ZS (Malver Instrument Ltd., Malvern, Worcestershire, UK). Lyophilized millet protein concentrates were diluted to 2 mg/mL with deionized water and filtered through a 0.45 µ HA Millipore membrane prior to analysis at room temperature (25 0 C).
Fourier-Transform Infrared Spectra (FTIR)
The FTIR measurements were performed for structural characterization of microparticles.
The dry samples were mixed with KBr and pressed to form pellets. FT-IR spectra of samples 10 were obtained from wave number 400-4000 cm −1 using a FT-IR spectrophotometer (Perkin Elmer Spectrum RX I, USA). For each spectrum, 16 scans at a resolution of 4 cm −1 were obtained.
Differential Scanning Calorimetry (DSC)
Differential scanning calorimetry was used to determine the onset (T onset ) temperature, peak temperature (T p ), and end set temperature (T end ) for sonicated and untreated protein dispersions.
The DSC thermograms of the samples were registered using a Shimadzu DSC-60 differential scanning calorimeter (Shimadzu, Kyoto, Japan). The instrument was calibrated with indium (156.6 °C), lead (327.5 °C) and zinc (419.6 °C). Samples (2.88 mg) were hermetically sealed in aluminum pans and heated from 25 to 135°C at a scanning rate of 10°C/min under a nitrogen atmosphere. An empty aluminum pan of equal weight was used as the reference.
Statistical analysis
Analyses were done in triplicate. The data were statistically analyzed with SPSS vs.21
software. One-way analysis of variance (ANOVA) with a 95% confidence interval was used to assess the significance of the results obtained. The ANOVA data with P < 0.05 were considered as statistically significant. The improvement in solubility of MPC after ultrasound treatment could be attributed to several factors such as exposure of inside hydrophilic groups of amino acids toward water that is confirmed by breakage in internal interactions and conformational change of MPC showed with positional change in amid II region of FTIR results (Fig 3) .
Results and Discussion
Jambrak et al. [29] also pointed out that hydrogen and hydrophobic bond breakage by cavitation phenomenon causes decrease in protein molecular weight and subsequently increase in interaction between protein and water molecule and so larger surface of protein concealed by water molecule. This is predictable due to SDS-page results (Fig 2) that confirmed alteration and decrease in molecular weight. On the other hand intramolecular bonds breakage confirmed by decrease in ∆H of MPC after US treatment showed with DSC results (Table 3) . Arzeni et al.
(2011) also stated increase in protein solubility after ultrasonication because of reduce in particle size of SPI, which can increase protein and water interactions [11] . On the other hand, Hu et al.
(2013) [18] did not find any change in SDS-Page result of ultrasound treated SPI samples.
However, they correlated increase in treated sample solubility to the probable formation of soluble protein aggregates from insoluble protein.
In another part of their study, different reagent was used to show which type of protein bonds is most affected by ultrasound. They have concluded that ultrasound could disrupt hydrogen bonds and hydrophobic interactions that have main role in intermolecular behavior of proteins. Ultrasound cavitations that lead to turbulent flow and high shear force can create large interfacial area between air and water that may disturb hydrogen bond and hydrophobic interaction around the protein molecules [18] . Therefore, it can change the functional properties of treated protein.
Furthermore, in confirming the zeta potential results (Table 3) , it was shown that the US treatment increased the negative surface charge on MPC, thereby leading to increase in the expansion of protein aggregates and also prevent of further aggregation, so modified the protein dispersions stability [30] .
The small but significant decrease in the solubility of MPC after using the highest intensity and time (73.95 W/cm 2 for 20 min), may be due to creation of small aggregates upon US treatment, which has also been observed by Arzeni et al. [11] . They reported that high intensity ultrasound (20 kHz, 4.27 ± 0.71W for 20 min) could create hydrophobic interactions and subsequently form small aggregations. Sonochemical effects (water sonolysis) of sonication on food proteins at high ultrasound frequency may be induced cross-linkage of protein molecules during ultrasound treatment of millet proteins with high intensity (D3 treatment) in aqueous medium [31] . Hu et al, also at their study on sonicated soy protein isolate (20 kHz, 131-138 13 W/cm 2 , for 15-30 min) that is very stronger than our used intensity, pointed out that there are some other type of covalent bonds that may be were formed upon ultrasound treatment [18] . Figure 1 
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As suggested in 14 Also, decrease in ∆H showed by DSC data (Table 3) confirmed the intramolecular destruction of MPC upon US treatment. As well as the US created shearing force caused reduction in protein molecule size and then accelerated the movement and penetration of the protein molecules in the air/water interface [32, 33] . This mechanism can stablished by SDSpage results (Fig 2) that showed decrease in molecular weight of MPC and also increase in MPC solubility results after US treatment.
According to the karki et al. [19] low intensity US treatment might have changed the structure of the protein in a manner that led to little surface activity by preventing the protein capability to unfolding (create film) at the air/water interface. [16, 20, 33, 34] .
This improvement can be explained by breakages in the structure of MPC that showed with decrease in molecular weight by the SDS-PAGE results (Fig 2) . It also have been showed with increase in number of peaks at native MPC to two wave number, that described decrease in average particle size of MPC by the FTIR results (Fig 3) , because of the US effect created disturbed flow. These phenomena subsequently lead to increase in proteins tendency to adsorption at the oil and water interfaces that is aligned with solubility outcomes (Fig 1) .
Since the correlation between emulsifying capacity and emulsion stability of proteins with surface hydrophobicity has been proven well [35] , exposure of the inner hydrophobic groups at the proteins surfaces upon US treatment, (confirmed with decrease in intramolecular interaction of MPC and exposure the buried hydrophobic groups by the FTIR results (Fig 3) ), leads to higher emulsifying properties.
Our results are in agreement with those of Osullivon et al. [17] , who observed a significant improvement in the stability of the emulsions treated by ultrasound (20 kHz, ~34 W cm-2 for 2 min). Also improvement in the ES may be due to better favorable orientation of proteins, under the effect of ultrasound treatment and adsorption of oil droplets in emulsions [36] 16 that confirmed by FTIR results since showed alteration in the secondary structure of MPC by positional change in amid II region (Fig 3) . Table 2 3.2. Effect of sonication on the structural properties of selected millet protein concentrate
Since the most of the investigated functional properties including the solubility, emulsifying and foaming properties of MPC were highest after ultrasonication in D2 treatment that may be due to the greatest change in its structure, this treatment was selected as the best one for comparison of structural properties of US treated and native millet protein concentrate. However, the results are in disagreement with those of Jiang et al. [30] study, in that, they found no change in molecular weight of native black bean protein isolates after ultrasound treatment (20 kHz, 72-120 W/cm 2 for 12 and 24 min). This difference may be due to application 17 of stronger ultrasound intensity (120 W/cm 2 ) than our study (maximum intensity 73.95 W/cm 2 )
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caused noncovalent interactions such as electrostatic and hydrophobic interactions. Formation of hydrophobic interactions subsequently creates small aggregations and finally increases the molecular weight of protein again. Figure 2 
Zeta potential (ζ)
Usually, more presence of amino acids with negative charge than amino acids with positive charge in a protein surface resulted in negative Z potential of the protein and contrariwise.
The results (Table 3) indicated that the negative ζ potential of native MPC was enhanced upon US treatment (D2) from -32.9 to -42.2 (mV), which demonstrated that US treated MPC contained more amino acids with negative charge in the protein surface than native MPC.
This increase in overall surface charge of MPC was due to increase in exposure of charge residues in the surface of protein molecules to solvent molecules. This phenomenon caused by structural change upon US treatment that was confirmed by DSC result ( Table 3 ) that showed decrease in enthalpy change due to US treatment [30] .
Jiang et al. [30] and Gulseren et al. [37] [38] .
FT-IR has been used to study the change in the structure and functional groups of MPC upon US treatment. Comparison of FT-IR spectra presented in Figure 3 . This may be defined by the fact that the average particle size was reduced by sonication [12] .
The peak spectra of amid II (1530-1550 cm -1 ) after US treatment shifted from 1546.19 cm -1 to 1539.26 cm -1 . This decrease in wave number may be due to turning the portion of random coil into β-sheet in MPC. Alteration in the secondary structure of MPC was revealed by positional change in amid II region. This result is in agreement with the results of Li et al. [39] .
According to them in their study, the quantity of intramolecular hydrogen bond decreased and the negative charge increased by turning the amid group into carboxyl and thus subsequently caused enhancement of electrostatic repulsion as seen at our Zeta potential results (Table 3) .
Generally, US treatment led to breakage in internal interactions of MPC.
The observed peak in native MPC spectra at 3286.71 cm -1 which was related to the N-H stretching vibration, shifted to 3418.39 cm -1 in the spectra of sonicated MPC [40] . These increase in wave number according to the fact that frequency of stretching vibration reduced because of hydrogen bond formation [41] . It can be due to hydrogen bond disruption in sonication by means of increase in net negative charge that was aligned with Zeta potential result ( Table 3 ) that showed 36% enhancement in the net negative surface charge of native MPC upon US treatment. Resistance of protein against aggregation during heating is measured as its thermal stability. A quick and easy technique for studying protein thermal stability is DSC which supplies T d and ∆H information about samples. T d reflects the temperature at which protein denaturation occurs and ∆H shows the quantity of heat demanded to induce protein denaturation [42] . It is well known that the situation of ordered conformation of proteins is reflected by the 20 enthalpy change (∆H). The DSC information is beneficial for heat processing strategies of food [43] .
Data from DSC measurements for native and US treated (D2) MPC heated from 25 to 135ºC at 10ºC/min are given in Table 3 . Every two samples showed a single broad endothermic with a T peak (denaturation temperature) at 60.97ºC and 59.56ºC about native and US treated MPC respectively. Variation in denaturation temperature between native and ultrasonicated sample was not significant. T peak had been related to the protein structure and conformations and also creating amino acid composition [44] , so a little change in Td (Table 3) , was due to conformational alteration in MPC upon US treatment. This conformational change was proved before in study on effect of ultrasonification on secondary structure of Soy protein isolate using Circular dichroism (CD) spectra. The results showed greater changes in the secondary structure of SPI at higher time and power. They suggested decrease in a-helix and random coil structures of soy protein isolate after ultrasonic treatment at lower power that was increased after treatment at higher power [18] .
The enthalpy (∆H) of native and US treated MPC was 31.08 and 23.92 j/g respectively. This decrease in ∆H by US treatment indicate less energy was required to unfolding of ultrasonicated MPC sample because of destruction of intramolecular bonds of MPC in result of shear forces created cavitation bubbles. This result is aligned with FTIR results (Fig 3) showed increase in peak number and also Zeta potential outcome (Table 3) confirmed increase in net negative charge due to breakage in intramolecular bonds and exposure of buried negative charges after US treatment, which have also been shown in the previous studies [19, 37, 45] . 
